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ANALOG TO DIGITAL CONVERTER adjustment signals , in order to reduce a clock skew of the 
DEVICE AND METHOD OF CALIBRATING plurality of analog to digital converter circuitries . 

CLOCK SKEW As described above , the ADC device and the method in 
the embodiments of the present disclosure may perform 

RELATED APPLICATIONS simple operations to obtain the information of timing skew 
without employing additional ADC circuits . As a result , the 

This application claims priority to Taiwan Application overall power consumption and the calibration cycle can be 
Serial Number 108102604 , filed Jan. 23 , 2019 , which is reduced . 
herein incorporated by reference in its entirety . 

BRIEF DESCRIPTION OF THE DRAWINGS 
BACKGROUND 

FIG . 1A is a schematic diagram of an analog - to - digital 
Technical Field converter ( ADC ) device , according to some embodiments of 

the present disclosure . 
The present disclosure relates to an analog to digital 15 FIG . 1B is a waveform diagram of clock signals in FIG . 

converter device . More particularly , the present disclosure 1A , according to some embodiments of the present disclo 
relates to a time - interleaved analog to digital converter and 
a method of calibrating clock skew ( s ) thereof . FIG . 2 is a circuit diagram of the skew adjustment 

circuitry in FIG . 1 , according to some embodiments of the 
Description of Related Art 20 present disclosure . 

FIG . 3 is a schematic diagram of a simulation result of the 
Analog to digital converters ( ADC ) have been widely calibrating the timing skew . 

utilized in various electronic devices , in order to convert an FIG . 4 is a flowchart of a method of calibrating timing 
analog signal to a digital signal . In practical applications , the ( i.e. , clock ) skews , according to some embodiments of the 
resolution and / or the linearity of the ADC may be affected 25 present disclosure . 
by gain error ( s ) , voltage error ( s ) , and / or timing error ( s ) . In 
regard to the timing error , in current approaches , complex DETAILED DESCRIPTION 
circuits ( e.g. , additional reference ADC circuit ( s ) or auxil 
iary ADC circuit ( s ) ) are utilized or an off - chip calibration is The following embodiments are disclosed with accompa 
performed to calibrate the timing error , resulting in a higher 30 nying diagrams for detailed description . For illustration 
power consumption and / or longer correction cycles of the clarity , many details of practice are explained in the follow 
ADC . ing descriptions . However , it should be understood that these 

details of practice do not intend limit the present disclo 
SUMMARY sure . That is , these details of practice are not necessary in 

35 parts of embodiments of the present embodiments . Further 
Some aspects of the present disclosure are to provide an more , for simplifying the drawings , some of the conven 

analog to digital converter device that includes a plurality of tional structures and elements are shown with schematic 
analog to digital converter circuitries , a calibration circuitry , illustrations . 
and a skew adjustment circuitry . The plurality of analog to In this document , the term “ coupled ” may also be termed 
digital converter circuitries are configured to convert an 40 as “ electrically coupled , " and the term “ connected ” may be 
input signal according to a plurality of interleaved clock termed as “ electrically connected . ” “ Coupled ” and “ con 
signals , in order to generate a plurality of first quantization nected ” may mean “ directly coupled ” and “ directly con 
outputs . The calibration circuitry is configured to perform at nected ” respectively , or indirectly coupled ” and “ indirectly 
least one calibration operation according to the plurality of connected ” respectively . “ Coupled ” and “ connected ” may 
first quantization outputs , in order to generate a plurality of 45 also be used to indicate that two or more elements cooperate 
second quantization outputs . The skew adjustment circuitry or interact with each other . 
is configured to determine a plurality of maximum value In this document , the term " circuitry ” may indicate a 
signals , to which the plurality of second quantization outputs system formed with one or more circuits . The term “ circuit ” 
respectively correspond during a predetermined interval , may indicate an object , which is formed with one or more 
and to average the plurality of maximum value signals to 50 transistors and / or one or more active / passive elements based 
generate a reference signal , and to compare the reference on a specific arrangement , for processing signals . 
signal with each of the plurality of maximum value signals As used herein , “ around ” , “ about ” or “ approximately ” 
to generate a plurality of adjustment signals , in order to shall generally mean within 20 percent , preferably within 10 
reduce a clock skew of the plurality of analog to digital percent , and more preferably within 5 percent of a given 
converter circuitries . 55 value or range . Numerical quantities given herein are 
Some aspects of the present disclosure are to provide to a approximate , meaning that the term “ around ” , “ about ” or 

method of calibrating clock skews that includes the follow " approximately " can be inferred if not expressly stated . 
ing operations : performing at least one calibration operation Reference is made to FIG . 1A and FIG . 1B . FIG . 1A is a 
according to a plurality of first quantization outputs from a schematic diagram of an analog - to - digital converter ( ADC ) 
plurality of analog to digital converter circuitries , in order to 60 device 100 , according to some embodiments of the present 
generate a plurality of second quantization outputs ; deter disclosure . FIG . 1B is a waveform diagram of clock signals 
mining a plurality of maximum value signals , to which the CLKO - CLKM in FIG . 1A , according to some embodiments 
plurality of second quantization outputs respectively corre of the present disclosure . In some embodiments , the ADC 
spond during a predetermined interval ; averaging the plu device 100 operates as a multi - channel time - interleaved 
rality of maximum value signals to generate a reference 65 ADC . 
signal ; and comparing the reference signal with each of the In some embodiments , the ADC device 100 includes ADC 
plurality of maximum value signals to generate a plurality of circuitries 110 , a calibration circuitry 120 , a skew adjust 
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ment circuitry 130 , and an output circuitry 140. Each of the In some embodiments , the ADC circuitries 110 may 
ADC circuitries 110 operates as one channel . In other words , adjust the timings of performing the analog - to - digital con 
in this example , the ADC device 100 includes M + 1 chan versions according to the adjustment signals TO - TM , in 
nels . order to calibrate the timing skews equivalently . Alterna 
As shown in FIG . 1A , the ADC circuitries 110 are 5 tively , in some embodiments , the timings of the clock 

configured to perform an analog - to - digital conversion on an signals CLKO - CLKM are directly adjusted according to the 
input signal SIN according to the clock signals CLKO adjustment signals TO - TM , in order to reduce the timing 
CLKM , in order to generate a corresponding one of quan skews equivalently . For example , the adjustment signals 
tization outputs Q0 - QM . As shown in FIG . 1B , a period of TO - TM are inputted into a clock generator , a phase interpo 
each clock signal CLKO - CLKM is set as TS , which is equal 10 lator , or a digital delay control line that is configured to 
to 1 / fs . In other words , a sampling frequency of each ADC generate the clock signals CLKO - CLKM , in order to adjust 
circuitry 110 is fs , and the combined ADC sampling fre the phases of the clock signals CLKO - CLKM . The above 
quency is ( M + 1 ) xfs . configurations of reducing the time skews according to the 

In some embodiments , a predetermined delay TD is adjustment signals TO - TM are given for illustrative pur 
present between two consecutive clock signals of the clock 15 poses , and the present disclosure is not limited thereto . 
signals CLKO - CLKM . For example , as shown in FIG . 1B , The output circuitry 140 is coupled to the calibration 
the predetermined delay TD is present between the clock circuitry 120 , in order to receive the calibrated quantization 
signals CLKO and CLK1 . As a result , the first channel and outputs CQO - CQM . The output circuitry 140 performs a data 
the second channel will perform the sampling operation and combination operation according to the calibrated quantiza 
the analog - to - digital conversion at different times . With this 20 tion outputs CQO - CQM , in order to generate a digital signal 
analogy , the M + 1 channels are able to operate according to SOUT . With the data combination operation , the quantiza 
multiple interleaved timings . tion outputs CQ0 - CQM provided from the M + 1 channels are 

The calibration circuitry 120 is coupled to each of the combined as the single digital signal SOUT having the M + 1 
ADC circuitries 110 , in order to receive the quantization times of the sampling frequency fs . In some embodiments , 
outputs QO - QM . The calibration circuitry 120 may perform 25 the output circuitry 140 may be implemented with a multi 
at least one calibration operation according to the quantiza plexer circuit , but the present disclosure is not limited 
tion outputs Q0 - QM , in order to calibrate offset ( s ) and gain thereto . 
error ( s ) in the ADC circuitries 110 , and to generate cali Reference is made to FIG . 2. FIG . 2 is a circuit diagram 
brated quantization outputs CQO - COM . of the skew adjustment circuitry 130 in FIG . 1 , according to 

In some embodiments , the calibration circuitry 120 may 30 some embodiments of the present disclosure . For ease of 
be a foreground calibration circuit or a background calibra understanding , like elements in FIGS . 1-2 are designated 
tion circuit . For example , the calibration circuitry 120 may with the same reference numbers . 
include a pseudo number generator circuit ( not shown ) and In some embodiments , the skew adjustment circuitry 130 
a digital processing circuit ( not shown ) . The pseudo number includes a delay circuit 205 , arithmetic circuits 210 , absolute 
generator circuit generates a calibration signal to the ADC 35 value circuits 220 , maximum value circuits 230 , an averag 
circuitries 110 , and the digital processing circuit performs an ing circuit 240 , and comparator circuits 250 . 
adaptive algorithm ( i.e. the least one calibration operation ) The delay circuit 205 is configured to delay the quanti 
according to the quantization outputs Q0 - QM , in order to zation output CQM in FIG . 1A , in order to generate a 
reduce the offset ( s ) or the error ( s ) in the quantization outputs delayed quantization output CQ - 1 . In some embodiments , a 
Q0 - QM . The aforementioned calibration circuitry 120 is 40 delay time introduced from the delay circuit 205 substan 
given for illustrative purposes , and the present disclosure is tially equals to the period TS in FIG . 1B . The delay circuit 
not limited thereto . Various types of the calibration operation 205 may be implemented with various circuits , such as a 
and those of the calibration circuitry 120 are within the buffer , an inverter , a filter , and so on . The implementations 
contemplated scope of the present disclosure . of the delay circuit 205 are given for illustrative purposes , 

The skew adjustment circuitry 130 is coupled to the 45 and the present disclosure is not limited thereto . 
calibration circuitry 120 , in order to receive the calibrated The arithmetic circuits 210 are coupled to the calibration 
quantization outputs CQO - CQM . In some embodiments , the circuitry 120 in FIG . 1A . The arithmetic circuits 210 receive 
skew adjustment circuitry 130 may analyze timing ( i.e. , two of the quantization outputs CQ - 1 to CQM in sequence , 
clock ) skews ( i.e. , phase errors ) in the ADC circuitries 110 in order to generate difference signals DO - DM respectively . 
according to the quantization outputs CQO - CQM , in order to 50 Taking the first arithmetic circuit 210 as an example , the first 
generate adjustment signals TO - TM . The skew adjustment arithmetic circuit 210 receives the quantization outputs 
circuitry 130 outputs the adjustment signals TO - TM to the CQ - 1 and CQ0 , and subtracts the quantization output CQ - 1 
ADC circuitries 110 , respectively . In some embodiments , from the quantization output CQ0 to generate the difference 
the adjustment signals TO - TM are for respectively indicating signal Do. The configurations of the remaining arithmetic 
timings , for the corresponding ADC circuitries 110 , to be 55 circuits 210 can be understood with the same analogy , and 
adjusted due to the timing skew ( s ) . thus the repetitious descriptions are not given herein . 

In some embodiments , the skew adjustment circuitry 130 In some embodiments , the arithmetic circuit 210 may be 
is configured to determine maximum value signals ( e.g. , implemented with a subtractor circuit or other processing 
MO - MM shown in FIG . 2 ) , to which the quantization outputs circuits having the same function . Various circuits to imple 
CQO - CQM respectively correspond in a predetermined 60 ment the arithmetic circuit 210 are within the contemplated 
interval ( e.g. , ST shown in FIG . 2 ) , and to average these scope of the present disclosure . 
maximum value signals to generate a reference signal ( e.g. , The absolute value circuits 220 are respectively coupled 
REF in FIG . 2 ) . The skew adjustment circuitry 130 further to the arithmetic circuits 210 , in order to receive the differ 
compares the reference signal with the maximum value ence signals DO - DM respectively . Each of the absolute value 
signals , and then generates the adjustment signals TO - TM . 65 circuits 220 finds an absolute value of a corresponding one 
Detailed operations regarding herein are given in the fol of the difference signals DO - DM , in order to generate a 
lowing paragraphs with reference to FIG . 2 . corresponding one of absolute value signals AO - AM . Taking 
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the first absolute value circuit 220 as an example , the first comparator circuits 250 are given for illustrative purposes , 
absolute value circuit 220 receives the difference signal DO and the present disclosure is not limited thereto . 
and finds the absolute value of the difference signal Do to In some embodiments , the detection signals SDO - SDM 
generate the absolute value signal A0 . By this analogy , the may be directly outputted as the adjustment signals TO - TM 
configurations and operations of the remaining absolute 5 in FIG . 1A . In some embodiments , the detection signals 
value circuits 220 can be understood , and thus the repetitious SDO - SDM are associated with timing information of the 
descriptions are not given . timing skew that reflects the timing skew occurred on the 

In some embodiments , the absolute value circuit 220 may corresponding ADC circuitry 110. Taking operation ( s ) of the 
be implemented with a processing circuit or a rectifying first arithmetic circuit 210 as an example , as shown in FIG . 
circuit . Various circuits to implement the absolute value 10 2 , the adjustment signal To is generated based on the 
circuit 220 are within the contemplated scope of the present difference value between the quantization outputs CQ0 and 
disclosure . CQ - 1 . Thus , the adjustment signal T0 is for indicating a 

The maximum value circuits 230 are respectively coupled timing difference between the time TO ( i.e. , timing point to 
to the absolute value circuits 220 , in order to receive the 15 time T - 1 ( i.e. , timing point to which the quantization output which the quantization output CQ0 corresponds ) and the 
absolute value signals A0 - AM respectively . Each of the CQ - 1 corresponds ) . The difference signal Do in the time maximum value circuits 230 continuously receives a corre domain may be derived as the following equation ( 1 ) : sponding absolute value signal of the absolute value signals 
A0 - AM during a predetermined time interval ST , and finds 
( and outputs ) a maximum value of the corresponding abso- 20 CQ . - CQ - 1 = sin ( 27f ( k + 1 ) T ) – sin ( 27 fk ( T + A1 ) ) ( 1 ) 
lute value signal during the predetermined time interval ST 

= 2 cos ( 27 fKT + fT + 7 fKAT ) sin ( 7 fT – 7 fkAI ) as a corresponding one of maximum value signals MO - MM . 
Taking the first maximum value circuit 230 as an example , 
the first maximum value circuit 230 continuously receives 
the absolute value signal A0 during the predetermined time 25 ing point to which the quantization output CQO corresponds , where ( k + 1 ) T substantially corresponds to sampling tim 
interval ST , and finds a maximum value of the absolute value k indicates each sampling point to which each quantization signal All received during the predetermined time interval output CQO or CQ - 1 corresponds , f is the frequency of the ST , and outputs the maximum value as the maximum value input signal SIN , T is the period TS , and At is the time signal MO . By this analogy , the configurations and opera difference . tions of the remaining maximum value circuits 230 can be 30 If the frequency f is significantly lower than 127 , the understood , and thus the repetitious descriptions are not equation ( 1 ) may be further derived as the following equa given . 

In some embodin the maximum value circuit 230 
may be implemented with a digital processing circuit , a sin ( 24f ( k + 1 ) 7 ) -sin ( 2Afk ( T + At ) ) = 2 cos ( 24fkT + afT + comparator circuit , and / or a register circuit , but the present 35 ufkAt ) - ( TfT - Afkat ) ( 2 ) 
disclosure is not limited thereto . Various circuits to imple 
ment the maximum value circuit 230 are within the con Based on the equation ( 2 ) , under the condition where the 
templated scope of the present disclosure . frequency fis significantly lower than 1/27 , the time differ 

The averaging circuits 240 are coupled to the maximum ence At is associated with the amplitude of the difference 
value circuits 230 , in order to receive the maximum value 40 signal Do ( i.e. , oft - tfkat ) . Therefore , with operations of 

the absolute value circuit 220 and the maximum value signals MO - MM . The averaging circuits 240 are configured 
to perform an averaging calculation according to the maxi circuit 230 , the maximum value signal MO is able to indicate 

the information of the time difference At . mum value signals MO - MM , in order to average the maxi 
mum value signals MO - MM to generate a reference signal Similarly , under the condition where the frequency f is 
REF . In some embodiments , the averaging circuit 240 may 45 significantly lower than 1 / T , the reference signal REF may 

be derived as the following equation ( 3 ) : be implemented with a digital processing circuit , but the 
present disclosure is not limited thereto . AVG [ Max ( sin ( 27 / ( k + 1 ) 7 ) -sin ( 27fk { T + Af ) ) ) ] = TfT ( 3 ) The comparator circuits 250 are coupled to the averaging 
circuit 240 , in order to receive the reference signal REF . Accordingly , by comparing the maximum value signal 
Each of the comparator circuits 250 compares a correspond- 50 MO with the reference signal REF , impacts of the time 
ing one of the maximum value signals MO - MM with the difference At introduced from the time skew can be acquired . 
reference signal REF , in order to generate a corresponding For example , if the maximum value signal MO is higher than 
one of the detection signals SDO - SDM . Taking the first the reference signal REF , impacts of the time difference At 
comparator circuit 250 as an example , the first comparator are determined to be positive . Under this condition , the 
circuit 250 compares the maximum value signal M0 with the 55 phase of the clock signal CLKO is incorrectly led due to 
reference signal REF , in order to generate the detection impacts of the clock skew . Alternatively , if the maximum 
signal SDO . By this analogy , the configurations and opera value signal MO is lower than the reference signal REF , 
tions of the remaining comparator circuits 250 can be impacts of the time difference At are determined to be 
understood , and thus the repetitious descriptions are not negative . Under this condition , the phase of the clock signal 
given . 60 CLKO is incorrectly lagged due to impacts of the clock skew . 

In some embodiments , the comparator circuit 250 may be Thus , the logic values of the detection SDO are different 
implemented with a comparator . Alternatively , in some according to different comparison results , in order to indi 
embodiments , the comparator circuit 250 may be imple cate phase information to be adjusted , for the time skew , in 
mented with a subtractor circuit that subtracts a correspond the first ADC circuitry 110. With this analogy , the above 
ing one of the maximum value signals MO - MM from the 65 operations may be applied to the various adjustment signals 
reference signal REF , to generate a corresponding one of the TO - TM and the detection signal SDO - SDM , and thus the 
detection signals SDO - SDM . The implementations of the repetitious descriptions are not further given . 

tion ( 2 ) : 
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In some approaches , additional circuits and / or complex integrator circuit 270 are given for illustrative purposes , and 
circuit ( s ) ( e.g. , auxiliary ADC circuits , reference circuits , the present disclosure is not limited thereto . 
etc. ) are required to obtain the information of time skew . In Reference is made to FIG . 3. FIG . 3 is a schematic 
these approaches , a longer correction cycle is required to diagram of a simulation result of the calibrating the timing 
obtain sufficient information of time skew due to complex 5 skew . 
circuits . Compared with the above approaches , the embodi As shown in FIG . 3 , in an experimental example , the ADC 
ments of the present disclosure utilize simple operations device 100 is set to have 32 channels ( i.e. , having 32 ADC 
( e.g. , operations of subtract , absolute value , maximum circuitries 110 ) , and the sampling frequency fs is set to be 
value , averaging , etc. ) to obtain the information of time about 3.6 GHZ . With the calibration of the above embodi 
skew without employing additional ADC circuits . As a 10 ments , the phase error between two of the 32 channels can 
result , compared with the above approaches , the embodi be gradually and correctly reduced to zero . 
ments of the present disclosure is able to achieve lower Reference is made to FIG . 4. FIG . 4 is a flowchart of a 
power consumption and shorter correction cycles . method 400 of calibrating timing ( i.e. , clock ) skews , accord 

In some further embodiments , the skew adjustment cir ing to some embodiments of the present disclosure . For ease 
cuitry 130 may further include filter circuits 260 and inte- 15 of understanding , the method 400 is described with refer 
grator circuits 270. The filter circuits 260 are respectively ence to the above figures . 
coupled to the comparator circuits 250 , in order to receive In operation S410 , at least one calibration operation is 
the detection signals SDO - SDM . performed according to the quantization outputs Q0 - QM 

The filter circuits 260 are configured to generate trigger from the ADC circuitries 110 , in order to generate the 
signals TRO - TRM according to the detection signals SDO- 20 quantization outputs CQO - COM . 
SDM and at least threshold value TH1 . The integrator In operation S420 , the maximum value signals MO - MM , 
circuits 270 are respectively coupled to the filter circuits to which the quantization outputs CQ0 - CQM correspond 
260 , in order to receive the trigger signals TRO - TRM respectively during the predetermined interval ST , are deter 
respectively . The integrator circuits 270 generate the adjust mined . 
ment signals TO - TM according to the trigger signals TRO- 25 In operation S430 , the maximum value signals MO - MM 
TRM . averaged to generate the reference signal REF . 

Taking the first filter circuit 260 and the first integrator In operation S440 , the reference signal REF is compared 
270 as an example , the filter circuit 260 is coupled to the first with each of the maximum value signals M0 - MM to gen 
comparator circuit 250 , in order to receive the detection erate the adjustment signals TO - TM , in order to reduce clock 
signal SDO . In some embodiments , the filter circuit 260 may 30 skews of the ADC circuitries 110 . 
accumulate the detection signal SDO , and compare the The above operations may be understood with reference 
accumulated detection signal SDO with the at least one to embodiments in the above figures , and thus the repetitious 
threshold value TH1 , in order to output one or more trigger descriptions are not given . 
signal TRO . For example , when the accumulated detection The above description of the method 400 includes exem 
signal SDO is higher than the at least one threshold value 35 plary operations , but the operations of the method 400 are 
TH1 , the filter circuit 260 may output the accumulated not necessarily performed in the order described above . The 
detection signal SDO as the corresponding trigger signal order of the operations of the method 400 can be changed , 
TRO . The first integrator circuit 270 is coupled to the first or the operations can be executed simultaneously or partially 
filter circuit 260 , in order to receive the trigger signal TRO . simultaneously as appropriate , in accordance with the spirit 
The first integrator circuit 270 is configured to accumulate 40 and scope of various embodiments of the present disclosure . 
the trigger signal TRO , and to output the accumulated trigger As described above , the ADC device and the method in 
signal TRO as the adjustment signal T0 , in order to cooperate the embodiments of the present disclosure may perform 
with various control timings . By this analogy , the configu simple operations to obtain the information of timing skew 
rations and operations of the remaining filter circuit 260 and without employing additional ADC circuits . As a result , the 
the integrator circuit 270 can be understood , and thus the 45 overall power consumption and the calibration cycle can be 
repetitious descriptions are not further given . reduced . 

With the filter circuits 260 , the number of calibrating the It will be apparent to those skilled in the art that various 
timing skew can be reduced , in order to reduce the dynamic modifications and variations can be made to the structure of 
power consumption of the ADC device 100. Moreover , with the present disclosure without departing from the scope or 
the filter circuits 260 , the jitter introduced from the calibra- 50 spirit of the disclosure . In view of the foregoing , it is 
tion of timing skew is also reduced . With the integrator intended that the present disclosure cover modifications and 
circuits 270 , a timing adjustment method may be utilized to variations of this disclosure provided they fall within the 
be a mechanism of adjusting value . In practical applications , scope of the following claims . 
the filter circuits 260 and the integrator circuits 270 may be What is claimed is : 
set according to practical requirements . In addition , the 55 1. An analog to digital converter device , comprising : 
threshold value TH1 may be set according to practical a plurality of analog to digital converter circuitries con 
requirements as well . figured to convert an input signal according to a plu 

In different embodiments , the filter circuit 260 and the rality of interleaved clock signals , in order to generate 
integrator circuit 270 may be implemented with at least one a plurality of first quantization outputs ; 
comparator ( e.g. , a circuit for comparing the trigger signal 60 a calibration circuitry configured to perform at least one 
with the threshold value TH1 or comparing the accumulated calibration operation according to the plurality of first 
trigger signal ) , at least one register ( e.g. , a circuit for storing quantization outputs , in order to generate a plurality of 
the accumulated signal or trigger signals ) , a reset circuit second quantization outputs ; and 
( e.g. , a circuit for erase the data in the register ) , and / or at a skew adjustment circuitry configured to determine a 
least one arithmetic circuit ( e.g. , a circuit for generating the 65 plurality of maximum value signals , to which the 
accumulated signal or for accumulating the trigger signal ) . plurality of second quantization outputs respectively 
The above configurations of the filter circuit 260 and the correspond during a predetermined interval , and to 
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average the plurality of maximum value signals to 7. The analog to digital converter device of claim 3 , 
generate a reference signal , and to compare the refer wherein the skew adjustment circuitry further comprises : 
ence signal with each of the plurality of maximum a plurality of filter circuits configured to generate a 
value signals to generate a plurality of adjustment plurality of trigger signals according to the plurality of 
signals , in order to reduce a clock skew of the plurality 5 detection signals and at least one threshold value ; and 
of analog to digital converter circuitries . a plurality of integrator circuits , wherein each of the 2. The analog to digital converter device of claim 1 , plurality of integrator circuits is configured to accumu wherein the skew adjustment circuitry is configured to find late a corresponding trigger signal of the plurality of an absolute value of each of a plurality of difference signals trigger signals , and to output the accumulated corre to generate a plurality of absolute value signals , and find a 10 sponding trigger signal as a corresponding adjustment 

maximum value of each of plurality of absolute value signal of the plurality of adjustment signals . signals to generate the plurality of maximum value signals , 
and the plurality of difference signals are generated accord 8. The analog to digital converter device of claim 7 , 
ing to the plurality of second quantization outputs . wherein each of the plurality of filter circuits is configured 

3. The analog to digital converter device of claim 1 , 15 to accumulate a corresponding detection signal of the plu 
wherein the skew adjustment circuitry comprises : rality of detection signals , and to output the accumulated 

a delay circuit configured to delay a first one of the corresponding detection signal as a corresponding one of the 
plurality of second quantization outputs , in order to plurality of trigger signals when the accumulated corre 
generate a delayed quantization output ; sponding detection signal is higher than the at least one 

a plurality of arithmetic circuits configured to receive the 20 threshold value . 
delayed quantization output and two signals of the 9. The analog to digital converter device of claim 1 , 
plurality of second quantization outputs in sequence , in wherein the plurality of analog to digital converter circuit 
order to generate a plurality of difference signals ries operate as a time - interleaved analog to digital converter . 
respectively ; 10. A method of calibrating clock skews , comprising : 

a plurality of absolute value circuits , wherein each one of 25 performing at least one calibration operation according to 
the plurality of absolute value circuits is configured to a plurality of first quantization outputs from a plurality 
find an absolute value of a corresponding difference of analog to digital converter circuitries , in order to 
signal of the plurality of difference signals , in order to generate a plurality of second quantization outputs ; 
generate a corresponding one of a plurality of absolute determining a plurality of maximum value signals , to 
value signals ; which the plurality of second quantization outputs 

a plurality of maximum value circuits , wherein each one respectively correspond during a predetermined inter 
of the plurality of maximum value circuits is configured val ; 
to receive a corresponding absolute value signal of the averaging the plurality of maximum value signals to 
plurality of absolute value signals , and to find a maxi generate a reference signal ; and 
mum value of the corresponding absolute value signal , 35 comparing the reference signal with each of the plurality 
in order to output the maximum value , to which the of maximum value signals to generate a plurality of 
corresponding absolute value signal corresponds dur adjustment signals , in order to reduce a clock skew of 
ing the predetermined interval , as a corresponding one the plurality of analog to digital converter circuitries . 
of the plurality of maximum value signals ; 11. The method of claim 10 , wherein determining the 

an averaging circuit configured to perform an averaging 40 plurality of maximum value signals comprises : 
calculation to average the plurality of maximum value finding an absolute value of each of a plurality of differ 
signals to generate the reference signal ; and ence signals to generate a plurality of absolute value 

a plurality of comparator circuits configured to compare signals , wherein the plurality of difference signals are 
with the reference signal with the plurality of maximum generated according to the plurality of second quanti 
value signals respectively , in order to generate a plu- 45 zation outputs ; and 
rality of detection signals . finding a maximum value of each of plurality of absolute 

4. The analog to digital converter device of claim 3 , value signals , in order to generate the plurality of 
wherein the skew adjustment circuitry outputs the plurality maximum value signals . 
of detection signals as the plurality of adjustment signals . 12. The method of claim 10 , wherein determining the 

5. The analog to digital converter device of claim 3 , 50 plurality of maximum value signals comprises : 
wherein each of the plurality of difference signals in a time delaying a first one of the plurality of second quantization 
domain is satisfied with the following equation : outputs , in order to generate a delayed quantization 

sin ( 20f { k + 1 ) 7 ) -sin ( 2Afk ( T + At ) ) = 2 cos ( 2afkT + TfT + output ; 
Afkat ) . ( afT - Afkat ) , generating a plurality of difference signals according to 

wherein k indicates each sampling point to which each of the delayed quantization output and two signals of the 
the second quantization outputs corresponds , f is a plurality of second quantization outputs in sequence ; 
frequency of the input signal , T is a period of each of finding an absolute value of a corresponding difference 
the plurality of clock signals , and At is a time differ signal of the plurality of difference signals , in order to 

generate a corresponding one of a plurality of absolute 
value signals ; 6. The analog to digital converter device of claim 5 , 

wherein the reference signal in the time domain is satisfied receiving a corresponding absolute value signal of the 
with the following equation : plurality of absolute value signals , and finding a maxi 

mum value of the corresponding absolute value signal , AVG [ Max ( sin ( 24? ( k + 1 ) 7 ) -sin ( 24fk ( T + A1 ) ) ) ] = uft , in order to output the maximum value , to which the 
wherein the AVG indicates the averaging calculation , and 65 corresponding absolute value signal corresponds dur 

the Max indicates an operation of finding the maximum ing the predetermined interval , as a corresponding one 
value . of the plurality of maximum value signals ; 

55 

ence . 
60 



US 10,784,882 B2 
11 12 

performing an averaging calculation to average the plu AVG [ Max ( sin ( 24f ( k + 1 ) 7 ) -sin ( 2Afk ( T + At ) ) ) ] = aft , 
rality of maximum value signals to generate the refer wherein the AVG indicates the averaging calculation , and ence signal ; and the Max indicates an operation of finding the maximum compare with the reference signal with the plurality of value . 
maximum value signals respectively , in order to gen- 5 16. The method of claim 12 , further comprising : 
erate a plurality of detection signals . generating a plurality of trigger signals according to the 

13. The method of claim 12 , wherein the plurality of plurality of detection signals and at least one threshold detection signals are outputted as the plurality of adjustment value ; and signals . accumulating a corresponding trigger signal of the plu 
14. The method of claim 12 , wherein the plurality of 10 rality of trigger signals , and to output the accumulated analog to digital converter circuitries convert an input signal corresponding trigger signal as a corresponding adjust according to a plurality of interleaved clock signals to ment signal of the plurality of adjustment signals . 

generate the plurality of first quantization outputs , and each 17. The method of claim 16 , wherein generating the 
of the plurality of difference signals in a time domain is plurality of trigger signals comprises : 
satisfied with the following equation : accumulating a corresponding detection signal of the 

sin ( 21 / ( k + 1 ) 7 ) -sin ( 2Afk ( T + At ) ) = 2 cos ( 2afkT + AfT + plurality of detection signals , and outputting the accu 
htfkAt ) ( cfT - Di?kAt ) , mulated corresponding detection signal as a corre 

wherein k indicates each sampling point to which each of sponding one of the plurality of trigger signals when 
the second quantization outputs corresponds , f is a the accumulated corresponding detection signal is 
frequency of the input signal , T is a period of each of higher than the at least one threshold value . 
the plurality of clock signals , and At is a time differ 18. The method of claim 10 , wherein the plurality of 

analog to digital converter circuitries operate as a time 
15. The method of claim 14 , wherein the reference signal interleaved analog to digital converter . 

in the time domain is satisfied with the following equation : 
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